Nature only provides us with a limited number (118) of elements to be combined into useful materials. It has always been a challenge for chemists and materials scientists to create sufficient diversity with such limited choices. To this end the organic chemists have fared very well -for they have developed techniques which can assimilate non-metals such as carbon, hydrogen and oxygen, in precise number and with specific spatial relationship to each other; into a variety of assembly structures ("organic molecules"). Such level of sophistication is however not possible with metallic elements, which form 2/3 of the periodic table, because metallic atoms can only be bonded non-specifically by metallic bonds which lack the directionality of covalent bonds. Prof Lee and his team in ChBE (Dr. XP Xie and Dr. Y Yue), however, believe that metallic nanocrystals (NCs) can provide a solution to the assembly deficiency of metallic elements. Metallic NCs, with known size and shapedependent properties and demonstration of directed attachment possibility, may be considered as "artificial atoms" which can introduce options beyond the periodic table. Specifically the team developed synthesis strategies which are able to direct the assembly of metallic NCs into a well-defined ordered structure (named heterogeneous metallic nanocrystals, or HMNCs) where every architectural element (number, type, shape, size and location of component NCs) can be rationally and independently varied.
In order to deposit satellite NCs on specific locations of a central polyhedral NC, the team developed a smart reaction system which can direct electron flow to the desired locations. The main concept in the smart reaction system is a very reactive thin silver layer on the central NC which is continually consumed and regenerated. The reaction between the silver layer and the reaction solution releases electrons which then migrate naturally to regions of high curvature on the central NC (corners and edges) where bulk deposition from metallic precursors occurs. At the same time the silver layer is regenerated by the reaction system and the cycle repeats. Through the careful control of the rate of reaction and consequently the rate of electron generation; the team was able to deposit satellite NCs exclusively on the corners or the edges of the central NC. Furthermore, the shape and size of the satellite NCs could also be independently programmed by changing the reaction mixture composition. The generality of this approach was demonstrated by using central and satellite NCs of different compositions, shapes and sizes. The synthesis is carried out at room temperature in open atmosphere, and the reaction mixture is entirely aqueous solution. The energy and environmental footprints of the synthesis process are therefore very low.
Architectural engineering of HMNCs can generate a large library of metallic nanostructures with unprecedented diversity and structural complexity. Similar to molecular engineering where structural diversity is used to create property variations for application explorations, the architectural engineering of HMNCs can likewise further the versatility of metallic NCs and hence increase significantly the possibilities to discover new and more varied properties for various purposes.
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